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E‘ng HOQI NGHI TOAN QUOC KHOA HQC TRAI BAT
e« VA TAI NGUYEN VO PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Nhitng thanh tyu nghién ctu truong trong luc toan cau va kha ning
ung dung ¢ Viét Nam

Nguyén Vin Sangt,*, Pham Vin Tuyén?, Nguyén Thanh Lé%, Dinh Xuan Manh*
! Trwong Pai hoc M6 - Pja chat, Viét Nam
2.Cong ty Co phan xi méang Tan Thang, Viét Nam
3 Hoc vién ky thudt quan si, Viét Nam
4Vién Khoa hoc Po dac va Ban do, Viét Nam

TOM TAT

Muc dich ciia bai bao 1a danh gia nhiing thanh tyu nghién ctru v& truong trong luc toan cau trén thé gisi va chi ra kha
nang @ng dung cia ching & Viét Nam. Bai béo trinh bay cac két qua nghién ctru xay dyng mé hinh truong trong luc
toan cu trén thé giGi tir nam 1966 dén nay; mot sé mé hinh di thudng trong lec todn ciu trén bién dwoc xay dung tir
s6 lidu do cao vé tinh; phuong phap tinh toan cac yéu t cua truang trong luc tir cac mé hinh. Cac mé hinh nay duoc
so sanh vai dit liéu do dac truc tiép ¢ Viét Nam. Tir d6, danh gia do chinh xéc cua ching. Két qua danh gia cho thiy:
EGM2008, GECO, EIGEN-6C4, SGG-UGM-1 la ca&c md hinh phu hgp véi Viét Nam, do chinh xac cta di thuong do
cao tuong ung la +0.292 m, £0.199 m, £0.193 m, £0.198 m; cd&c md hinh dj thuong trong luc bién DTU10, DTU13,
DTU15 c6 db chinh xac twong ¢ng trén bién Viét Nam la: +5.80 mGal, +5.73mGal va +5.63 mGal. Tir nhiing két qua
nghién ciru ndy chi ra rang c6 thé irng dung cac mé hinh trudng trong luc toan cdu (GGMs) va cac mé hinh dj thuong
trong lyc bién néu trén vao cac nhiém vu tric dia cao cip (Geodesy), dia vat ly (Geophysics) va hai dwong hoc
(Oceanography) ¢ Viét Nam.

Tir khda: Truong trong lyc toan ciu; di thuong trong luc; di thuong do cao

1. Pat van dé

Nghién ciru truong trong luc todn cau la bai toan quan trong cua Tric dia. Trong nhitng nam qua, c4c
nha khoa hoc tric dia trén thé gi¢i da dat duoc nhitng thanh tuu 16n vé linh vyc ndy. Tir nam 1966 dén
nay, Trung tdm qudc té vé md hinh trai dat toan cau da tap hop va xay dung dwoc 175 mé hinh truong
trong lyc toan cau. Cac mo hinh nay duoc xay dung trén co s& sir dung cac s liéu quan trac vé tinh, sé
liéu do trong luc truc tiép, sé liéu do cao vé tinh. Do chinh xé4c ctia cac mé hinh ting dan theo thoi gian.
Nhitng mé hinh dau tién sai téi £15m, cac mo hinh gan day c6 do chinh xac rat cao, sai léch trung phuong
chi & ¢ £2dm (E. Sinem Ince va nnk, 2019).

Tir s6 liéu do cao vé tinh, cac nha khoa hoc ciing da xay dung duoc cac mé hinh di thuong trong luc
trén bién, dién hinh nhu: mé hinh DNSCO08GRAV dugc xay dyng nim 2008 (Andersen Ole Baltazar, Per
Knudsen, Philippa A. M. Berry, 2010); mé hinh DTU10GRAV nam 2010 (Andersen Ole Baltazar, 2010);
md hinh DTU13GRAV nam 2013 (Andersen Ole Baltazar, Per Knudsen, 2014); va md hinh
DTU15GRAV niam 2015 (Andersen Ole Baltazar, Per Knudsen, 2016). Cac mé hinh nay da dwoc nhiéu
qudc gia st dung dé nghién cau trén vang bién cua qudc gia minh.

Van dé dit ra 1a cac mo hinh vé truong trong luc toan cau ké trén ¢ phu hop vai Viét Nam khong va
kha ning ung dung ¢ Viét Nam 1a nhu thé nao? Bai bao tap trung danh gia do chinh xéac cua cac mé hinh
truong trong luc toan cau bang céch so sanh véi s6 lidu do tryc tiép ¢ Viét Nam tir d6 dua ra céc két luan
vé do chinh xac va kha nang ng dung.

* Tac gia lién h¢
Email: nguyenvansang@humg.edu.vn
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2. Co s ly thuyét va phwong phap nghién ciru

2.1. Két qua nghién ciru xay deng mé hinh grwong treng luc todn cau trén thé gidi tir ndm 1966 dén
nay

Trong luc 12 hop luc cua lyc hap dan va lyc li tim. Thé cia trong lyc chinh 1a thé trong truong. Thé
trong truong cua 1 diém c6 toa do (x.y,z) la tong hop cua thé hap dan va the li tam va ki higu 1a W(x,y,2),
duoc biéu dién bang cong thuc (Bernhard Hofmann-Wellenhof and Helmut Moritz, 2006):

W(y2) = V(x,y,2) +Qx,y,2) = 6 [[f, 222 av + 2 2 +y?), @)

Trong d6: G 1a hiang s hap dan; 5(a,b,c) 1a mat do vat chat tai diém c6 toa do (a,b,c); w la téc d6 quay
cua Tréi dat.

Nhu vay, thé trong truong cua Trai dat phu thuoc vao mat do phan bd vat chat trong long Tréi dat, kich
thude va hinh dang caa Tréi dat, va téc do quay ngdy dém cua Trai dat. Do mat d6 vat chat khong xac
dinh duoc nén cong thic trén chi cd y nghia ly thuyét, thuc té khong tinh dugc. Dé khic phuc diéu nay,
nguoi ta da trién khai thé trong truong vao chudi ham diéu hoa cau (Bernhard Hofmann-Wellenhof and
Helmut Moritz, 2006):

2
W(,0,2) = Ziico gz [Zmo(Cam COSMA+ S SinM 2). Py (0)] + 5 (6% + ¥2), )

Trong d6: Com, Sam 12 céc hé s6 diéu hoa ciu bac n, hang m; Pam(0) 13 da thirc Legendre bac n, hang m.

Tir ddy, céc nha khoa hoc tric dia tim cach xé4c dinh céc hé s6 C, S dén bac va hang n, m nao dé. Bic,
hang cang cao thi md hinh cang gan vai thé trong truong thuc. Vi du, md hinh EGM96 c6 bac, hang dén
360; md hinh EGM2008 c6 bac, hang dén 2190.

Nam 1997, Hiép hoi trac dia qudc té (International Association of Geodesy - IAG) ra nghi quyét s6 1
vé van d& nhu cau truy cap thong tin truong trong lyc toan ciu. Nam 2003, véi su hd tro tai chinh va luu
trir ciia Trung tdm nghién ctru khoa hoc trai dit cua Buac (GFZ), Trung tdm qudc té vé mo hinh trai dat
toan cau (International Centre for Global Earth Models - ICGEM) di dugc thanh lap. ICGEM ban dau
dugc thanh lap dé thu thap cac md hinh truong trong lyc toan cau tinh va cung cap cho ngudi dung quyén
truy cap d& dang vao cac mé hinh nay. Hién nay, ICGEM da tro thanh mét trung tm duy nhét ¢ bo suu
tap I6n nhét va ddy du nhat ciia cac mo hinh trudng trong luc tinh va dong (E. Sinem Ince va nnk, 2019).

Céc md hinh trudng trong luc tinh dugc phét trién boi cac té chirc khac nhau tir nim 1966 dén nay da
I&én dén 175 md hinh. Trén hinh 1 biéu dién sé lwong cac mo hinh truong trong luc todn cau dugc xay
dung theo nam (E. Sinem Ince va nnk, 2019). Ngoai s6 liéu do trong lyc truc tiép, sb liéu do cao vé tinh
thi cac dir liéu gradient truong trong luc caa cac du &n CHAMP, GRACE, GOCE c6 vai tro quan trong
trong viéc xay dung cac mo hinh truong trong luc toan ciu. Cac mé hinh truong trong luc toan cau cé tinh
khong ddng nhit vé& do chinh xac trén cac viing quéc gia khac nhau.
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Hinh 1. Cac m6 hinh #ruong trong luc toan cau tir nim 1966
Trén bang 1 la thong tin vé mot s6 mo hinh truong trong luc toan cau (E. Sinem Ince va nnk, 2019).

Bang 1. Thong tin mgt s6 md hinh #rwong trong liec todn cau

Thir tu md hinh Tén mo hinh Nim | Nmax Ngudn dir lisu
175 GO CONS GCF 2 TIM R6e | 2019 300 G (Polar), S(Goce)
171 GO CONS GCF 2 TIM R6 2019 300 S(GOCE)
167 SGG-UGM-1 2018 2159 EGM2008, S(GOCE)
165 IGGT R1 2017 240 S(GOCE)
152 GECO 2015 | 2190 | EGM2008, S(Goce)
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148 EIGEN-6C4 2014 | 2190 g\ifégsggsce), S(Grace),
105 EIGEN-5C 2008 | 360 | A, G, S(Grace), S(Lageos)
104 EGM2008 2008 | 2190 | A, G, S(Grace)

83 EIGEN-GRACEO01S 2003 | 140 | S(Grace)

80 EIGEN-1 2002 | 119 | S(Champ)

72 EGM96 1996 | 360 | A, EGMOI6S, G

1 SE1 1966 | 15 |S

Trong Bang 1, S 1 s6 lidu quan trac vé tinh (Satellite Tracking Data); G la s6 liéu trong luc (Gravity
Data); A la s6 liéu do cao vé tinh (Altimetry Data).

2.2. Mgt sé md hinh dj thuwéng trong luc toan cau trén bién dirgc xay dung tir sé liéu do cao vé tinh

Trén thé gidi, tir 6 liéu do cao vé tinh, cdc mé hinh di thuong trong luc da duoc xay dung bai cac nha
khoa hoc Pan Mach nhu: mé hinh DNSC08GRAYV dugc xay dung nam 2008 (Andersen Ole Baltazar va
nnk, 2010); md hinh DTU10GRAYV nam 2010 (Andersen Ole Baltazar, 2010); mé hinh DTU13GRAV
nam 2013 (Andersen Ole Baltazar, Per Knudsen, 2014); va m6 hinh DTU15GRAYV niam 2015 (Andersen
Ole Baltazar, Per Knudsen, 2016):

- M6 hinh DNSC08GRAV:

Niam 2008, Ole Baltazar Andersen va nhém nghién cau da sir dung sb liéu do cao vé tinh cua cac vé
tinh Geosat, ERS, T/P, Jason, Envisat, GFO va ICEsat dé xac dinh di thuong trong luc bién va xay dung
md hinh trudng trong luc DNSCO8GRA. CAc tac gia da sir dung md hinh trong luc Tréai dat EGM2008 mo
hinh MDT toan cau va ky thuat binh sai giao cat dé loai bo d6 cao dia hinh mit bién dong hoc. Phan du do
cao geoid duogc st dung dé xac dinh phan du di thuong trong luc theo phuong phép Collocation. B chinh
x&c cua mo hinh danh gia theo do6 Iéch chuan dat +3,91 mGal (Andersen Ole Baltazar va nnk, 2010).

- M6 hinh DTU10GRAV

Néam 2010, Ole Baltazar Andersen da nang cidp mo6 hinh DNSCO8GRAYV thanh DTU10GRAV bing
cach bo sung nhiing so liéu do m&i cua ERS-2 va vé tinh ENVISAT. D chinh xac cua md hinh dat cao
hon, danh gia theo d¢ lIéch chuan dat +3,82 mGal (Andersen Ole Baltazar, 2010).

- Mé hinh DTU13GRAV

Nam 2013, Ole Baltazar Andersen va cac dong nghiép da nang cap md hinh DNSCO8GRAV va
DTU10GRAYV thanh md hinh DTU13GRAV béng céch sir dung sb liéu do cao vé tinh méi cua vé tinh
CryoSat-2 va Jason-1. S6 liéu vé tinh CryoSat-2 bao phu hau hét khu vuc Bic Cyc do d6, md hinh
DTU13 c6 két qua trén ca ving nay, diéu ma cac mé hinh trudc do khdng c6 duge. Ngoai ra, sé liéu dung
dé xé&c dinh DTU13 ciing c6 d6 phan giai khong gian cao hon (1°x1°) (Andersen Ole Baltazar, Per
Knudsen, 2014).

- M& hinh DTU15GRAV

Niam 2015, cac nha khoa hoc caa Trung tdm Vii tru qudc gia Dan Mach (Danish National Space Center
- DNSC) thugc Truong Pai hoc téng hop Ky thuat Ban Mach (Technical University of Denmark - DTU)
da xac dinh di thuong trong luc trén cac ving cuc va nang cdp DTU13GRAV thanh md hinh
DTU15GRAYV (Andersen Ole Baltazar, Per Knudsen, 2016). Mé hinh nay dwoc cai thién rat nhiéu do c6
nhiéu sb liéu cua vé tinh Jason-1,va sé liéu vé tinh Cryosat-2. Nhitng vé tinh méi nay cung cip sé tri do
d6 cao bé mat nhiéu gip ba lan so véi truée day. Dir liéu mai ndy cai thién dang ké chat lwong caa mo
hinh, dac biét la budc séng ngin hon cua trudng trong hre (10-20 km).

2.3. Phuwong phap tinh toan dé cao geoid va di thwong treng luc tée cac md hinh trwong treng luc toan
cau

Tinh dé cao Geoid:
Tir céc hé s6 diéu hoa cau Cmn, Smn, d6 cao geoid duoc tinh bang cong thire (NIMA, 2000):
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Ngey = No + ]G/—IZ [ZNmaxZ (2

n — - = .
e ) " —o(Crm cOS(MA) + Sy siN(MA)) By (sin @ ')] : (3)
Trong d6: GM - hang s6 trong truong dia tam; r - ban kinh dia tam cua diém xét; 7 - gia téc luc trong
truong chuan trén mat elipsoid; a - ban truc I6n cua ellipsoid; ¢’, A - vi d6 va kinh d6 dia tam cua diém
XEt; Cpm, Snm - Né s6 diéu hoa cau chuan hoa day da bac n, hang m; B, (sin ¢ ") - ham Legendre két

hop da chuan hoa; NO - Pai lugng muc 0 (zero-degree term).

r

Tinh di thuong trong luc:
Tir cc hé s6 diéu hda cau Cmn, Smn, di thudng trong luc duoc tinh bang cong thirc (NIMA, 2000):
Agseu = S |Znmz (2) (1= 1) Bco(Com cOS(mA) + Sy sin(md)) Py (sing )|, (@)

2.4. Phwong phép tinh dj thuwong treng luec tir cAc md hinh dj thwéng trong luc toan cau xac dinh tir
do cao vé tinh

M0 hinh di thuong trong luc xac dinh tir do cao vé tinh duoc biéu didn dang ludi 6 vudng. Céc diém
mét ludi 6 vubng c6 toa do B, L va gié~tri di thuong trong luc. Gié tri di thuong trong luc cua diém i bat
ky duoc biéu dién bai cong thac (Nguyén Vain Sang, 2020):

Ag, =a+h.B, +c.L (5)

Trong do: B;, Li la toa do tric dia cua diém i; a, b, ¢ la cac tham s can xac dinh.

Pé xéc dinh cac tham s a, b, ¢ can ¢ it nhat 3 diém da c6 di thuong trong luc goi 1a diém nat (chinh
la cac diém mit ludi). Néu s6 diém nat & n nhiéu hon 3 diém, cac tham s6 ndy s& dugc xac dinh theo
nguyén ly sé binh phuwong nho nhat. Khi d6, hé phwong trinh s hiéu chinh c6 dang:

v, =a+Db.B, +c.L, —Ag,. (6)

Giai hé phuong trinh trén ta s& duoc cac tham sb a, b, ¢. Thay céc tham s a, b, ¢ vao cong thic (5) ta
s& xac dinh Ag;i cua diém can tim.

2.5. Sé ligu do dac truc tiép ¢ Vigt Nam

- S6 liéu do trong luc truc tiép

Pé danh gia do chinh xé4c cua cdc mo hinh di thuong trong lec toan ciu xac dinh tir sb liéu do cao vé
tinh trén ving bién Viét Nam, 58.989 diém do trong luc truc tiép bang tau trong pham vi Vinh Béc bo -
Viét Nam da duoc sir dung. S6 liéu ndy dwoc do bang may trong luc bién ZLS Dynamic Meter D06 cua
hdng ZLS Corp My vai do chinh xac cia may theo ly lich 1a £ImGal (Phgm Van Tuyén, Nguyén Vin
Sang, 2018). Toa d6 cua cac diém do nay duoc tinh chuyén sang hé toa do qubc té WGS-84 dé phu hop
v6i mo hinh di thuong trong luc toan cau.

- S6 ligu GNSS-Thaiy chudn:

Ngudn dir liéu GPS -Thuy chuan gém c6 818 diém do, dwoc phan bb déng déu trén 1anh thd Viét nam.
Tai mdi diém do néu trén, déu c6 do GPS dé xac dinh toa do tric dia (B, L) va do cao tric dia Heps thudc
hé WGS-84, va c6 két qua do thuy chuan trong hé thdng d6 cao québc gia dé tinh ra gi tri d6 cao chuan
hrc véi diém gdc do cao Iy theo mat bién trung binh tai tram nghiém triéu Hon DAu - Hai Phong (Nguyen
Van Sang va nnk, 2020). Trén co s& d6 ta c6 818 gi4 tri di thuong do cao duoc tinh bang biéu thic: Cops-
¢ = Heps - hre. CAc gid tri di thuong do cao nay duoc tinh trong hé triéu khdng phu thudc.

3. Két qua danh gia d chinh x&c ciia cac mé hinh
3.1. Két qud ddnh gia dé chinh xac cac md hinh trwéng treng luc todn cdu

Céac md hinh trwong trong lyc toan cau dwoc danh gia do chinh xéc bang cach so sanh véi s6 ligu do
GNSS-thuy chuan caa mot sé6 nudce roi tinh ra do 1éch chuan. Trén hinh 2 m6 ta d6 chinh xac cia cac mé

hinh theo thoi gian xay dung, khi so sanh véi 12036 diém GNSS-thay chuan. Tir két qua so sanh nay chon
ra dugc 4 mé hinh pht hop tét nhat véi s lisu do GNSS-thuy chuén (xem Bang 2).
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Bang 2. Cac mé hinh frwong trong luc toan cau phu hep tot nhat véi sé lieu do GNSS-thuy chudn (E.
Sinem Ince va nnk, 2019).

Australia | Brazil Canada | Europe | Japan USA Téng
TT M6 hinh Niax (201 (1112 (2691 (1047 (816 (6169 | (12036
diém) diém) diém) diem) diém) | diém) diém)
1 | SGG-UGM-1 | 2159 0.217 0.446 0.130 0.121 0.076 | 0.245 0.235
2 GECO 2190 0.216 0.451 0.131 0.123 0.080 | 0.246 0.237
3 | EIGEN-6C4 | 2190 0.212 0.446 0.126 0.121 0.079 | 0.247 0.236
4 EGM2008 | 2190 0.217 0.460 0.128 0.125 0.083 | 0.248 0.240
16.5
158
13.5
(o B -
1S
@ 9
83
78
65
5.2
a2 1
3.§
2.5
15
0}
o 20 40 60 80 100 120 140 160 180

Hinh 2. H¢ chinh xac cia cac md hinh frwong trong luec toan cau

S6 thie tr md hinh

Ching t6i tién hanh so sanh 4 md hinh vai 818 diém GNSS-thuy chuan trén lanh thd Viét Nam. Két
qua thé hién trén Bang 3.

Bang 3. Két qua so sanh 4 md hinh #rirong trong luc todn cau véi 818 diém GNSS-thiy chudn

STT Do léch (m) SGG-UGM-1 EIGEN-6C4 GECO EGM2008
1 Min -0.202 +0.032 -0.035 -0.120
2 Max +1.453 +1.453 +1.572 +1.688
3 Mean +0.860 +0.901 +0.888 +0.815
4 Std. dev +0.198 +0.193 +0.199 +0.292

Tur két qua so sanh cho thiy: cac mé hinh SGG-UGM-1, EIGEN-6C4 va GECO rat pha hop véi s6 liu
do GNSS-thay chuan trén Ianh thd Viét Nam, do léch chuan dudi 2dm. Mé hinh EGM2008 cé d6 phu hop
kém hon, do léch chuan dudgi 3dm. Chuang ta c6 thé lva chon cac mé hinh SGG-UGM-1, EIGEN-6C4 va
GECO trong giai quyét cac bai toan tric dia cao cap ¢ Viét Nam.

3.2. Két qud ddnh gia d chinh xéc ciza cac md hinh dj thwong trong luc toan cau trén bién dwgc xay
daeng tir sé liéu do cao vé tinh

Dé danh gia do chinh xac cua cac md hinh nay, chdng t6i sir dung 58.989 diém do truc tiép vira c6 di
thudng trong luc do truc tiép, vira c6 di thuong trong luc tinh tir md hinh toan cau. Do léch va do léch
chuan di thuong trong luc dugc tinh. Két qua danh gid 3 md hinh DTU10GRAV, DTU13GRAV,
DTU15GRAYV dugc thé hién tom tat trén Bang 4.

Bang 4. Két qua ddnh gia dé chinh xac di thirong trong luc tir cac md hinh

STT M6 hinh Do léch 16n nhét, | Do 1éch nho nhét, Do lech trung Do léch chuén,
(mGal) (mGal) binh, (mGal) (mGal)
1 |DTU10GRAV 40,02 -44,17 2,98 +5,80
2 |DTU13GRAV 40,16 -44,13 2,94 +5,73
3 |DTU15GRAV 40,30 -43,99 3,18 +5,63
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Két qua so sénh cho thay rang: cac do léch c6 gid tri 16n thi tan suat xuat hién it, cac do léch c6 gia tri
nho thi tan suat xuat hién nhiéu. Bi voi md hinh DTU10GRAYV, sé diém c6 do léch 16n hon 25 mGal chi
co 8 diém, s diém c6 do léch nho hon -25 mGal chi c6 4 diém. Tuong Gng dbi véi md hinh
DTU13GRAV la 8 diém va 6 diém, dbi véi md hinh DTU15GRAV la 8 diém va 4 diém. Cac mo hinh
trén c6 do chinh xac twong duong nhau. Do léch chuan khac nhau khong nhiéu, dao dong tir 5,63 dén
+5,80 mGal. C6 thé sir dung cac md hinh nay trong giai quyét cac bai toan tric dia cao cip trén Bién
Pong.

4, Két luan

Bai béo di trinh bay cac két qua xay dung mé hinh trudng trong lec toan cau tir nam 1966 dén nay; két
qua xay dung mo hinh di thuong trong lrc toan cau tir s6 lidu do cao vé tinh va trinh bay cach tinh di
thuong trong luc, do cao geoid cua cac diém bt ky tir cac mo hinh trén.

Két qua danh gia cac mo hinh truong trong luc toan cau cho thiy: cac md hinh SGG-UGM-1, EIGEN-
6C4 va GECO rat phu hop véi s6 liéu do GNSS-thity chuan trén 14anh th Viét Nam, do léch chuan nho
hon 2dm. Md hinh EGM2008 ¢6 d6 pht hop kém hon, d6 léch chuan duéi 3dm.

Két qua danh gia mo hinh di thuong trong luc trén Bién Pong cho thay: cac mé hinh DTU10GRAY,
DTU13GRAV, DTU15GRAV kha phu hop véi s6 liéu do trong luc truc tiép. Do léch chuan tuong tng la
+ 5,80 mGal, + 5,73 mGal va £ 5,80 mGal.
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ABSTRACT

The purpose of this paper is to evaluate research achievements of global gravity fields in the world and show their
applicability in Vietnam. The paper presents the research results of building a global gravity field model from 1966 to
present; Some models of global gravity anomalies at sea were built from satellite satellite measurements; method of
calculating elements of gravity field from models. These models are compared to live measurement data in Vietnam.
From there, assess their accuracy. The evaluation results show that: EGM2008, GECO, EIGEN-6C4, SGG-UGM-1
are suitable models for Vietnam, the accuracy of the corresponding height anomalies is + 0.292 m, + 0.199 m, +
0.193 m, + 0.198 m; The models of DTU10, DTU13 and DTU15 marine gravity anomalies with the corresponding
accuracy in Vietnam sea are: + 5.80 mGal, + 5.73mGal and + 5.63 mGal. These research results show that it is
possible to apply the global gravitational field models (GGMs) and the marine gravitational anomalies models to
Geodesy, Geophysics and Oceanography in Vietnam.

Keywords: Global gravity field; gravity anomalies; height anomalies.
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